This study aimed at investigating the acute effects of combined EXERCISE and TAPING in comparison to isolated proprioceptive exercise (EXERCISE) and ankle neuromuscular taping (TAPING) on one -leg stability performance in rugby players. Methods: Stability tests, performed on a stabilometric platform, were assessed for stability before and after above interventions. Performed stability tests were one -leg static stance (dominant leg and non -dominant leg) each with eyes open and eyes closed. The assessed dependent variables were: centre of pressure (CoP) path length; CoP speed; medio -lateral, and anterior -posterior sway. Sixteen male rugby players (27.3 ± 3.3 years; 177.3 ± 7.3 cm; 88.8 ± 15.2 kg) from a non -professional rugby team were tested in all above conditions, according to a cross -over study design. Results: Most of investigated variables improved following EXERCISE + TAPING (CoP path length -18.2/ -15.6%, CoP speed -22.8/-17.7%, and anterior-posterior sway -21.0/ -16.3%), in comparison with the other two protocols. EXERCISE + TAPING improved the stability control by combining the effects of both proprioceptive exercise and neuromuscular taping.
Background
Human postural demands and balance control are of primary interest for both daily life and athletic motion. The ability to manage one's own body in the environment is controlled by a complex interaction between musculoskeletal and neural system activities involving the reception and interpretation of information about the position of body parts, integration of sensorimotor inputs and execution of appropriate movement (1) . Specifically for gait and balance tasks, ankle joint and foot structures are identified as great contributors to performance, given that they both represent the starting point from whence kinesthetic information arises and are the functional executors providing stability in response to the demanded skills (1) . In fact, somatosensory inputs originate from three different receptors: pressure receptors in the skin, deep tendon sensory receptors, and joint receptors located in the distal part of the lower limb (2) . In light of this background, the ankle and foot structures provide the propulsion for the whole body, absorb impact, and perform the functions of keeping the body upright against gravity and of maintaining posture during movement (3) .
In the clinical field, changes in the control and the stability of the ankle are chronically obtained by means of proprioceptive exercises (4-7) and by applying both neuromuscular and rigid bandages to the joint (5, 8, 9) . Several types of exercise are proposed to improve proprioception, designed as either acute -designed strategies (6) or long -term training protocols. It has been widely reported that exercise groups involved in proprioceptive and neuromuscular training programs demonstrated significant improvement of passive and active ankle range of movement, better scores in most of the postural sway related variables and higher muscle activations combined with shorter re-Copyright © 2018, Asian Journal of Sports Medicine. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited action times of the muscles surrounding the ankle joint (5, 6, 10) .
Neuromuscular taping (i.e., with adjustable elasticity) has been proposed as an effective alternative to the functional bandage for the passive stabilization and blockage (i.e., stiffness) of joints (8) . Neuromuscular taping has a number of mechanical and neurophysiological advantages: it improves stability of the ankle joint and therefore has a positive effect on gait speed and balance ability in healthy adults (11) as well as positive effects on kneeflexion range of movement, walking, and pain in patients with knee osteoarthritis (12) . Neuromuscular taping has also the ability to control the centre of pressure (CoP) sway speed and lead to better performance in maintaining stability when a perturbation is applied (13) . Studies have also shown that neuromuscular taping facilitates the neuromuscular reflexes (13) . This capability is the result of the increase in sensory input caused by direct contact between the tape and the skin (14) . MRI evidence indicates that neuromuscular taping affects both underlying and targeted tissues, as well as distant ones (15) . In addition, some systematic reviews (16, 17) found anecdotal support for the usage of neuromuscular tape. Overall, other authors indicate the questionable potential advantages associated with its application. Williams et al. (17) concluded that there is little evidence to support the use of neuromuscular taping over other types of taping in the management or prevention of sports injuries and in improving strength and range of motion; but further studies are needed to confirm these findings. Serrao et al. (18) did not show any effect of neuromuscular taping on thigh muscles surface electromyography and perceived exertion during squat exercise in healthy subjects. The results of a meta -analysis (19) suggested that the effectiveness of neuromuscular taping is not muscle -group dependent. However, the reviewed studies investigated the potential effects of neuromuscular taping application on muscular outcomes but neglected the assessment of its well -known effects on postural control and joint stabilization. Indeed, both proprioceptive exercise and neuromuscular taping have been reported to enhance postural control by improving proprioception inputs; but investigations are lacking in the combined effects of these treatments, in order to select the best strategy to manage proprioception deficit.
Objectives
Taking into consideration the scientific evidence in the current literature, the main hypothesis of this study was that the concurrent application of neuromuscular taping combined with proprioceptive exercise -based protocols ("Taping Elastico Chinesiologico", T.E.CH. [i.e., "Elastic Taping Applications in Kinesiology"] Method ® ) would be more effective than the single strategy in inducing acute effects on balance ability. Therefore, this study compared the acute effects of using single or combined stabilization strategies on stability during a one -leg static balance task.
Methods

Participants
This study involved 16 male rugby players (27.3 ± 3.3 years; 177.3 ± 7.3 cm; 88.8 ± 15.2 kg [mean ± SD]), members of a non -professional rugby team. All players trained three days per week for 90 min a day, performing technical, tactical, strength, and speed training (plus match on Sunday). The three different experimental trials were administered on the same three days of week and at the same time of the day, in order to reduce possible bias and any potential effect of physical activities and diurnal variation. Players were asked to refrain from strenuous physical exercise during the 24 h before testing to limit residual effects due to previous effort. To identify which lower limb was the dominant one, the participants were asked to indicate their preferred kicking foot: 100% of the participants were identified as right -leg dominant. Written informed consent was obtained from the participants after they were given an oral explanation of the purpose, benefits, and potential risks of participating in the study. This study was approved by the institution's ethics committee in agreement with the Declaration of Helsinki.
The inclusion/exclusion criteria for the study participations were:
• To have participated in at least 90% of the training sessions with the same team.
• No history during the three months preceding the test of neuromuscular disease, vertigo, or any uncorrected visual problems.
• Absence of cardiovascular, neurologic, or pulmonary disease, balance problems, rheumatoid disease, or psychological disease.
• Absence of any kind of ankle injury or lower limb surgery.
• No use of sedative medication.
A randomized and crossover study design was used to compare the effects of using either combined or isolated strategies on subsequent stability performance.
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Procedures
Three experimental protocols were randomly administered on three different occasions. A subjects' block randomization in three groups was performed and the following protocols were administered:
• Protocol 1. Proprioceptive exercises and balance exercises performed on unstable surfaces (EXERCISE).
• Protocol 2. Neuromuscular tape (TAPING). Following the application of neuromuscular tape, subjects were free to move and walk, avoiding unstable surfaces, for about 25min.
• Protocol 3. Both neuromuscular tape and proprioceptive exercises on unstable surfaces (EXERCISE + TAPING) were applied/performed concurrently (i.e., taping was operated before proprioceptive exercises).
Upon each visit, the subjects performed a baseline stabilometric test (20) , followed by one of the three conditions, and were then re -tested. The tests consisted of a one -leg static balance assessment lasting 10 sec in the following conditions (3): alternate one -leg with open (OE) and closed (CE) eyes in a random sequence. The assessments were carried out in the same room and same conditions of light, temperature (23°C), and humidity (18%).
For the stabilometric assessment, a sensor matrix platform (FreeMed 40 × 40, Sensor Medica, Guidonia, Italy)
with sampling rate of > 50 Hz (21) was used. The accuracy of the instrument was previously documented (22) , while, for verifying the precision of the measures in our study, the stabilometric data recorded at each baseline point were compared. For each test, quantitative measurements of CoP path length, CoP path average speed, medio -lateral (∆X) and anterior -posterior sway amplitude (∆Y) were assessed (23). The neuromuscular taping (Taping Elastico ® , ATS, Arezzo, Italy) was carried out according to the T.E.CH. Method ® recommendations ( Figure 1A -C). Moreover, in all conditions the same operator operated the taping application, in order to avoid any bias effects due to inter-operator variability.
The proprioceptive exercise protocol was performed on different unstable surfaces that were placed in a series to create a compulsory path for the subjects. The exercise sequence had the same duration of the protocol described by Romero -Franco et al. (6, 22) 
Statistical Analysis
Descriptive statistics are presented as mean (SD, 95% CI). Statistical analysis was performed by using SPSS software (version 21, SPSS Inc., Chicago, IL, USA). Assumption of data normality was verified by Kolmogorov -Smirnov test. A univariate ANOVA test with factor (each condition) post -hoc comparisons (LSD) was used to investigate differ- 
Results
ANOVA showed no significant baseline stability performance differences between each testing day for all measurements in all conditions, with all P > 0.05 (Table 1) , therefore type 1 error was excluded. Two -way ANOVA did not show any significant difference over conditions. The t -test between pre-and post -values showed significant differences in effect of time (Tables 2 and 3) .
For the non -dominant leg and OE condition, only following the EXERCISE + TAPING protocol, significant differences were found in the following 
Discussion
Our findings clearly highlight that after performing EXERCISE + TAPING the stability performance improves in most of the assessment conditions. After applying TAPING, the stability performance improved only in the dominant leg and CE condition. After performing EXERCISE no significant stability performance change was found and this result does not conform to the findings of previous investigations (6) concerning the acute effect of isolated proprioceptive exercises on one-leg stability.
Despite the conflicting literature about the effects of neuromuscular tape on peripheral sensitivity and proprioception (5, 24, 25) , our results suggest that the application of a functional neuromuscular bandage, together with proprioceptive exercise, stimulate a greater activation of the local cutaneous receptors, with the role to provide unconscious afferent inputs, enhancing the stability and the joints' local control. Interestingly, these effects were greater in the CE conditions; therefore, it is reasonable that once the subjects were deprived of any visual feedback both sensorimotor and proprioceptive inputs would make a greater contribution in order to prevent impairments of the balance ability (26) (27) (28) .
As hypothesized, EXERCISE + TAPING resulted in greater effects compared to the other experimental protocols in all conditions, except for dominant leg and OE. A previous study on the neurophysiological responses of muscle activity between dominant and non -dominant leg (29) , showed inter -limb differences existing in the electrical activity of the peroneus longus during stability tasks. The authors concluded that due to the delayed activation, and consequently the lower contribution of the stabilizer muscle, the dominant limb is likely to be more susceptible to injury than the non -dominant one. Considering that the non -dominant leg represents the "support leg" mostly used during single -leg sport -specific tasks, the presence of beneficial effects of the EXERCISE + TAPING protocol may have occurred due to a good level of skillfulness in the non -dominant leg in our subjects (i.e., rugby players).
In our study, the combination of EXERCISE + TAPING induced effects also on both the dominant and the non -dominant leg with CE. The greater increased stability ability following the EXERCISE + TAPING protocol may have occurred due to an increased sensory onset and consequent activity induced by the stimulation caused by the combined use of proprioceptive exercises and neuromuscular tape; because when the visual feedback is lacking the contribution of sensorimotor, proprioceptive, and vestibular systems is required (30) .
The evidence of potential positive effects on the receptor activation due to neuromuscular tape has not yet been specifically demonstrated through research (31), but experimental studies suggest that dynamic stability could be improved by the use of a functional bandage (32) . Moreover, the use of taping, as a single method, for clinical use and for injury prevention strategies is still being questioned (16, 17, 33) .The potential combined effects of neuromuscular tape and other conventional methods (34) appear to be very interesting. We therefore suggest adding proprioceptive exercises to the taping application in order to gain both sensitivity of skin receptors and muscle proprioceptive stimulation.
Further studies with the aim of obtaining clearer evidence on the optimal training regimen (i.e., exercise modality) and training dose (i.e., volume and intensity) of exercises required for effective neuromuscular adaptations are needed.
Asian J Sports Med. 2018; 9(2):e63020. We acknowledge that there are some limitations in our study. Firstly, we cannot exclude biased effects due to eventual effects that previous proprioceptive training could have had on the following experimental sessionseven those scheduled one or two weeks later. Secondly, according to the experimental trials-including the multiple one -leg stability task, some learning effects could have occurred which may have led to improved performances. However, the influence on the reported results could be likely limited by the use of a randomized order in the testing procedures and the lack of statistical differences for all the assessed measures between the three baseline time points. Therefore, our suggestions for future studies are: 1) to include a greater sample size and 2) to design long -term training interventions for investigating both the chronic effects of similar protocols and the eventual residual effects following detraining phases by multiple time-point assessments.
Conclusion
Our results provide preliminary practical evidence in suggesting the combined use of proprioceptive exercise and neuromuscular tape for obtaining greater effects in terms of stabilization in the one -leg standing position. We suggest that it may be beneficial to perform exercises while wearing neuromuscular tape in order to exploit all the perceptual and sensitive effects possible, and, in turn, to maximize control of the body segments and the whole body balance. 
